UNCLASSIFIED 

Ballistic  Research  Laboratories 


TECHNICAL  NOTE  NO.  551. 

November  1951 


000003 


MACT-iENTATIOK  OF  SINGLE  AND  DOUBLE  WALL  CYLINDRICAL  WARHEADS 


j 

I 


I 

L 


This  document  has  been  approved  for  public  release  and  sale* 

Its  distribution  1s  unlimited.  *  l 


The  Ballistic  Research  Laboratories  Technical  Note  is  designed  for  use  with¬ 
in  the  laboratories  or  for  issuing  available  information,  when  the  occasion 
demands  speed. 

The  contents  of  this  paper  are  of  the  nature  of  advance  information  and  may 
be  extended  or  otherwise  revised. 


ABERDEEN  PROVING 

^  intervals 
declassified  after  12  YEARS 
DOD  dir  5200.10 


DEFENSE  SUPPLY  AGENCY 


DEFENSE  DOCUMENTATION  CENTER 
CAMERON  STATION 
ALEXANDRIA,  VIRGINIA  22314 


RBPER  TO  ■  DDC-TCA  1«»2306  18  August  1971 


SUBJECT:  Request  for  Scientific  and  Technical  Reports 

Commanding  Officer 
.  Army  Ballistics  Research  Lab 
Attn:  AMXBR-XS 

Aberdeen  Proving  Ground,  21005 


Telephone 


AC  202 
27-46847. 


1.  The  report  referenced  below  le  believed  to  be  a.  DoI>fiinded  document.  It  has  not  been  located  in  the 
Defense  Documentation  Center  (DDC)  collections  ^ 


2.  Current  DoD  directives  require  that  copies  of  each  report  be  forwarded  to  DDC.  At  least  one  (1)  copy 
should  be  black  printing  on  white  background  (or  if  typed,  the  ribbon  copyX  suitable  for  reproduction  by 
photographic  techniques, 

.3.  Documents  must  be  marked  with  an  appropriate  distribution  statement  according  to  DoD  Directive 
5200.  20  (  AR  70-31,  NAVMATINST  .4000. 17,  AFR  310-2),  This  includes  Information  on  the  releas ability  of 
unclassified,  unlimited  documents  for  sale  to  the  general  public  by  the  Clearinghouse  for  .Federal  Scientific 
and  Technical  Information  of  the  Department  of  Commerce.  These  distribution  statements  are  found  on  the 
reverse  of  this  letter* 

,4.  Return  the  copy  of  this  letter  as  your  reply  marking  the  reverse  accordingly,  i«e.:  ,  *  - 

a«  When  reports  are  forwarded,  or  have  previously  been  forwarded,  check  and  fill  in  statements  oppo¬ 
site  A  or  6  as  applicable,  or 

b.  If  the  document  is  not  releasable  to' DDC,  indicate' the* category  of  exception  by  checking  the 
applicable  statement  under  C. 

^  ^  5.  A  mailing  frank  is' enclosed  to'  use  for  shipment  of  documents,  Ehciosed  are  a  DDC  Form  SO  and  a  DDC 
Fotm  79  which  explains  Its  use.  -  i. 


FOR  THE  ADMINISTRATOR: 


3  Enel 

1.  Franked  label 
Z  DDC  Forni  50 
3l  DDC  Form  79 


M.  B.  KAHN 

Chief,  Accessions  Division 

t  *’ 


1-2306 

Ballistics  Research  Lab  -  Aberdeen  PG,  Md 


BRL-TN-554 


gmr  00407 

1-230 

* .  '  . A  ' .  ■  ‘.i. 


FL-88 
Jun  70  . 


UNCbftSSIflED 


DISTRIBUTION  STATEMENTS 
(DoD  Dir.  5200.  20) 


Statement^No.  i  -  This  document  has  been  approved  for  public  release  and  sale;  riis^dlatribution  is  un- 
.  fx  .  ,  limited.  ^  ^ 

.  ‘  ■  >  ■  .  ‘V  <  '  '  *  .  ,  "V  1  -  ■ 

IN  ADDITION  TO  SECURITY  REQUIREMENTS  WHICH  APPLY  TO  THIS  DOCUMENT  AND  MUST  BE  MET 

(This  phrase  precedes  all  the  following  statements  when  the  document^ls  ^classifiecOt  <  ^ 

'  c  o  y  c'  ’ *  ’^jl  *  *’’  *  '  ■ '  **  '* 

statement  No.  2  -  This  document  is  subject  to  specif  export  controls  and  each*' transmittal  to  foreign 
governments  or  foreign  nationals  may  be  made  only  with  prior  app'rbval  of  (control¬ 
ling  Do  D  o  ffice),  .  .  0  Si!  5  J ,  ft  t-  ,  ^  y>  0  o  b  a  2  \  i  -,’1 

Statement  No.  ^3  -  Each  transmittal  of  this  document- outside  the  agencies  of  the  U.  S.  Government  must 

have  prior  approval  of  (controlling  D6D  office),  ’ ^  '  ‘ 

Statement  No.  4  -  Each  transmittal  of  this  document  outside  the  Department  of  Defense  must  have  prior 

approval  of  (controlling  DoD  office). 

Statement  No.  S  -  This  document  may  ,be  further  distributed  by  any  holder  only  with  specific  prior  approval 
of  (controlling  DoD  office),  r  .  .  * 


A.g]  ■ 


Copies  are  forwarded  herewith. 


The  Document’  was  previously  forwarded  to  DDC  on 
and  the  AD  number  ia. 


(date) 


In  accordance  wl^  provisions  of  Department  of  Defense  Instructions,  the  document  re¬ 
quested  Is  not  supplied  because:  .  ,  .  ’  • 


n  It  la  TOP  SECRET. 

t 

It  contains  cryptographic  and  communications  security. 

□  It  is  excepted  in  accordance  With  DoD  instructions  pertaining  to  communications  and  electronic 
intelligence. 


□ 

n 

□ 


It  is  a  registered  document  or  publication.* 

It  is  an  administrative  paper,  memorandum  or  report,  a  contract  or  grant  proposal,  or  an  order. 


Other. 


HERAIJ}  LAMBBBT 


Print  or  Typ 

Chlefii^curity 


.  t  ■ 


/Authorized  signature 


BALLISTIC  RESEARCH  LABORATORIES 

/ 

TECHNICAL- NOTE  NO.  55U 


FRAGMENTATION  OF  SINGLE  ANi)  DOUBLE  WALL  CYLINDRICAL  WARHEADS 


4*  ^ 

Project  No.  TB3*^112Aj, of  the  Research  and 
Development  Division_,  Ojdnance  Corps 


ABERDEEN  PROVING  GROUND,  MARYLAND 


CIGrabarek/sld 


FRAGMENTATIOM  OF  SINGI^l  AIJD  DOUBLE  WALL  CYLIMDHICAL  WARmSADS 

! 


Static  fragmentation  tests  were  made  to  investigate  the  fragmenta¬ 
tion  characteristics  of  a  double  wall  cylindrical  waihead  as  compared 
,  to  a  single  wall  cylindrical  warhead  of  the  saire  overall  dimensions. 

The  purpose  of  these  testa  tms  to  obtain  a  quantitative  estimate  of 
the  difference  in  fragment  inass^  numbers,  velocity  and  spatial  distri¬ 
bution  bofe'een  a  double  and  a  single  wall  cylindrical  wariiead, 

DESCRIPTION  OP  WARHEADS 

Standard  3”  ^i!i2Al  shells  were  uachined  into  cjlindsrs  6”  in  length 
with  the  diameter  dimensions  as  follws: 

Double  Wall  Cylinder 

Single  Wall  Cylinder  Ou'fcer.  ^Emsr  ^22n2er 

ni  mwnnHBiiiB  bhi  ib^h  in  h  m  ■  mii  mtn 

Outside  diameter  2,70”  2,70”  2 *149“ 

Inside  diameter  2,28”  2.i49”  2. 28” 

Tolerances  were  held  to  witliin  ,002”.  Fibre  tubing  machined  down  to 
the  aioe  of  the  cylinder  was  attached  to  each  end  (Figur-es  1  and  2)*. 

fibre  end  extensions  were  iised  to  reduce  ond  effect  whrlch  would 
change  the  fragmentation  characteristics  of  the  ends  of  the  cylinders. 
The  .  warhead  was  fully  loaded  with  Cor^josition  C-3  and  a  tetiyi  booster 
was  imbedded  in  the  explosive  near  tfie  imtiated  end.  The  weights  of 
components,  in  grams,  were  as  follows j 


Single  Wa?.! 

Double  WalJ. 

Weight  of  outer  cylinder 

658 

VJeight  of  inner  cylinder 

60? 

Total  weight  of  steel  cylinders 

126U 

1265 

Weight  of  fibre  tubing,  long 

52 

50 

VJeight  of  fibre  tubing,  short 

36 

33 

Weight  of  fibre  end  disc,  rear 

15 

22 

Weight  of  fibre  end  disc,  frent. 

10 

21 

Weight  of  Gbmp  C-3  ‘ 

862 

835 

Empty  VJeight 

1377 

1391 

Loaded  weight 

2239 

2226 

METHOD. OF  TESTING 

Ths  field  sot  pp  for  the  single  wall  warhead  consisted  of  placi^ 
seven  oano  fibre  filled  recovery  boxes  tangont  to  a  circle  of  6»  radius 
roeasured  froBi  the  center  of  tlie  warhead,  (Fig.  3).  The  waibead  was 
suspended  with'  its  longitudinal  axis  ^rtical  3'  U  lA”  above  the  ground 
level,  as  measured  from  the  top  of  the  warhead,  and  detonated  with  a' 
•>/l6''  engineer’s  special  electric  blasting  cap. 

!Rw  field  set  up  for  the  double  wall  warhead  consisted  of  placii^ 
four  cane  fibre  fLllod  recovery  boxes  tangent  to  a  circle  of  12*  l-lA" 
radius  measured  from  the  center  of  the  warhead,  (Fig.  li).  One  box 
(Box  No.  3)  was  faced  .with  .OliO"  aluminum  sheet  painted  black  for  the 
purpose  of  measuring  the  fragment  velocity  hy  the  photographic  method. 
Fragments  were  not  recovered  from  that  box.  The.warhsad  t^as  suspended 
with  its  longitudinal  axis  vertical  6’  above  the  floor  level,  as  measured 
from  the  top  of  the  warhead,  and  detonated  with  a  5A6‘'  engineer’s 
special  electric  biasing  cap. 


RESULTS 

The  percent  of  tlie  total  nwnber  fragments  recovered  in  various 
weight  intervals  is  given  in  Table  I»  The  ’’predicted"  values  (Column  5) 
of  the  double  wall  warhead  were  obtained  from  the  mass  distribution  of 
the  single  wall  warhead  by  assuming  that  the  fragments  in  each  weight 
interval  r-rere  reduced  in  raass  by  1/2 .  anti  doubled  in  number.  It  can  bo 
seen  that  tlie  "predicted"  values  for  the  double  v;a3.1  warhead  are  in 
good  agreement  with  the  observed  values,  indicating  that  the  breakup 
of  the  sin^e  and  double  wall  warheads  viere  the  same  rrf.th  arespect  to  the 
length  and  width  of  the  fra.gments  and  differed  oriuLy  in  thickness.  It 
should  bo  noted  that  the  fragments  from  0-10  grains  and  0-5  grains  of 
the  single  and  double  wall  warheads  respectively  were  not  considered. 

If  the  small  fragments  xjere  included  the  'two  for  one  breakup  of  the 
larger  fragments  is  not  evident*  This  can  be  seen  by  examining  Table  II 
or  figure  6  where  the  fragment  recoveries,  including  the  smallest  frag¬ 
ments  recovered,  are  given.  The  reason,  tliat  the  two  for  one  brea3cup 
is  not  evident  in  Table  II  is  not  known  but  it  appears  tfiat  eiidier  the 
breaJeup  of  the  small  fragcKsnts  is  different  than  the  large ,  fragments 
for  the  two  warheads  or  the  z^ocoveiy  of  the  small  fragments  was  not 
complete* 

The  average  weight  of  recovered  fragments  grsater  than  10  graj.n3, 
single  wall,  is  3li.O  giains,  and  average  weight  greater  than  5  grains, 
double  wall,  is  15.3  grains. 

Figure  5  shows  fragments  recovered  from  one  recovery  box  for  each 
warhead.  The  lengths  and  widths  of  the  larger  fragments  from  the  single 
wall  waihead  are  roughly  equal  to  the  lengths  and  ^d.dths  of  the  larger 
fragments  from  the  double  wall  warhead.  The  thicknesses  of  the  double 
warhead  fragments  are  roughly  one-half  that  of  the  single  wall  warhead 
fragments.  -  - 


The  veight  of  fragjnsnta  rscofrored  ftom  the  cane  fibre  board  was 
83^  for  the  single  wall  warhead  and  8U^  for  the  double  wall  warhead 
tjritJi  respect  to  the  theoretical  roocnreiy  computed  from  the  known 
geoznetzy  of  the  test  setup* 

The  computed  initial  fragment  velocity  for  either  warhead  is 
5IQO  ft/sQC  as  detsn^ed  from  Gurney’s^  foKuula  using  the  total 
,o:^losive  weight  contained  in  'fche  steel  cylinder  for  C  and  the  steel 
cylinder  T;aight  for  H.  The  observed  average  initial  fragnaant,  velocily 
ims  not  measured  for  the  single  wall  wartiead,  but  was  5700  f/s  for  the 
double  wgGJL  warhead.  This  higher  value  may  not  be  significant  a^d 
fux'ther  clocks  necessary.  It  does  appear,  hotjever,  that  there  is 
little,  if'  any,  loss  in  fragment  velocitiy  due  to  the  tise  of  a  double 
wall. 


The  spatial  distribution  of  fragments  from  the  double  vtsU  war¬ 
head  i«i3  satisfactory  in  the  sense  that  adjacent  fragments  from  each 
cylinder  were  separate  in  space  and  showed  no  evidence  when  -recovered 
of  being  fused  together.  Fragment  holes  in  the  first  sheet  of  the 
celotex  appeared  to  bo  rsUdomly  spaced  and  there  was  no  evidence  of 
pairtizg  of  the  fragments.  ;  ' 

For  the  present  eseperiment,  a  double  wall  reduced  *the  weight  of 
and  increased  the  number  of  fragments  by  an  amount  which  is  predictable 
frean  the  fragments  of  a  single  wall  warhead,  except  for  the  smallest 
fragments.  If  the  smallest  fragments  are  excluded,  the  observed  average 
reduction  in  weight  was  about  1/2,  the  number  increasing  by  a  factor  of 
2.  One  possible  application  of  nulti~Wall  casings  is  for  Iiigh  e:^looive 
artillery  or  mortar  shell  where  the  present  weight  of  the  larger  frag¬ 
ments  is  heavier  than  is  necessary  against  personnel. 

Cylindrical  viarheads  of  thicker  casings  and  more  l^rers  are  being 
made  for  the  purpose  of  investigating  further  the  fragmentation  cliar- 
acteristice  of  multi~wal3.  cylindrical  warheads.  . 


/ 

1.  Gurney,  R.,  "Tlie  Initial  Velocity' of  Fragments  from  Bojd)s,  Shells, 
and  Grenades,'*  BRL  Report  Ro«  b05« 
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TABLE  I  .  . 

Coiapai^SQin  of  Fragment  Kass  Mstribution  by  of  Number  liecovered 


SIsTOLE  IJALL  WARHEAD 

DOUBLE  WAH*  WARHEAD 

Ualght  Interval 
Gratae 

Percent  of  Tot^. 
Number  RecoTOred 

Interval 

Grains 

Percent  of  Total 
Number  Recovexod 

^  Predici^ 
Percent  of 
Total  Number 

10^20 

31*lil 

5-10 

36.1i8 

3i.ia 

20-30 

25,00 

10-15 

22.6U 

25*00 

30-U0 

16*03 

15-20 

17.61 

16*03 

JiO-50 

8*33 

20-25 

8.81 

8.33 

$0-60 

8.97  ' 

25-30 

6*28 

8*97 

60-70 

3*85 

30-35 

5.03 

3.85 

70-80 

.6U 

35-JiO 

.$3 

*61) 

80-90 

2.56 

1 

4C-45 

2*52 

2.56 

90-100 

lt5-5o  ' 

0 

•6U 

‘100-110 

.6U 

50-55 

0 

•6ii. 

110-120 

1*29 

55-60 

0 

1.29 

120-130 

0 

.60-65 

0 

0 

130-lltD 

,6h 

65-70 

0 

*6h 

TABLE  II 

Weight  Distribution  of  fragments 


m,  : 

^texral  Grains 

,  0-S 

5-10 

10-15 

15-20 

20-25 

25-30 

30-35 

g 

Observed 

Raniber 

352 

50 

29 

20 

21 

18 

Hi 

i 

n 

5 

8 

9' 

•57* 

i 

d 

%  of  Total 
IIujEibar 

63.08 

•* 

8.96 

5.20 

3.58 

3.76 

3.23 

2.50 

1.9? 

.90 

1.1*3 

1.61 

i 

O 

rH 

Weight 

itoo.i5 

35U.2j7 

359.57 

3U3.36 

k69.29 

U95. 21 

h53. 08 

i;05*ll9 

203.70 

381.91*  . 

1*76.51* 

1 

%  of  Total 
Vfeight 

6.69 

5.93 

6.01 

5.75 

7.85 

8.29 

7.58 

6.78 

3.IA. 

.  6.39 

7.98 

1  ^ 

Observed 

Nuraiber 

98 

58 

36 

26 

lU 

10 

8 

1 

'  k 

0  ‘ 

.§ 

d 

%  of  Total 
Number 

38.13 

22.57 

lU.oi 

10.89 

5.1i5 

3.89 

3.11 

•39. 

1.56 

'  0 

1 

i 

-§ 

V/eight 

220.37 

liOO.15 

U39.19 

U68.98 

307.37 

273.30 

253.39 

35.^ 

f 

166.82 

0:  / 

( 

3 

a 

%  or  Total 
V/eight 

8.59 

15.60 

17.12 

18.27 

12.00 

10.65 

9.88 

1.39 

6,50 

0 
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.  '  table  II  (contd) 

U'eigh'fc  Distribu^on  of  Fragments  ' 
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FIGURE  5 

FRAGMENTS  FROM  SINGLE  AND  DOUBLE  WALL  CYLINDRICAL  WARHEADS 
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